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PRELIMINARY INVESTIGATION OF CORROSION BY MOLTEN SODIUM HYDROXIDE
FLOWING IN TUBES OF ATSI 347 STATRLESS STEEL, INCONEL, AND NICKEL
EAVING AVERAGE OUTER-WALL TEMPERATURES OF 1500° F AND
A CIRCUMFERENTTAT. TEMPFERATURE GRADIENT OF 20° F

By Don R. Mosher and Leland G. Desmon

SUMMARY

In an earlier report (reference 1)} en spperatus sulteble for deter-
mining corrosive effects of hot flowing liquids on various contalner
materials is described. With this spperatus, experiments were performed
using molten sodium hydroxide flowing et 15 feet per second in tubes of
ATST 347 stainless steel, Inconel, and type A nickel having average
outer-wall temperatures of 1500° F and a circumferential temperature
gredient of 20° F. Extensive corrosion and mass transfer to regions of
reduced temperature wes observed.

INTRODUCTION

Molten sodium hydroxide is advantageous in meny ways as a nuclear-
reactor coolant and moderator. It has the disadvantage, however, of
being extremely corrosive to most common conteiner and structural
materials. As far as 1s known, the few container materials which have
been considered promlsing, such as nickel and sllver, have been subjected
only to statlc tests -at constant temperature. In a reactor, the sodium
hydroxide will be flowing at substantial velocitles, and large tempera-
ture differences (of the order of several hundred degrees) will exist in
the circulating system. Under such conditions, significant quantitiles
of even a relatively insoluble container meterial mey be dissolved from
the hotter portions of the system, transported in the flowing liquid to
the cooler portions, and there he deposited on the conbtainer walls.
Inasmuch as any such mass transfer occurrlng would be expected to be a
function of both velocity end temperature difference, it is doubtful
whether results of static corrosion tests can be accepted as conclusive.
Dynamic tests, although desirable, have previously been limited because
of the expensive and complicated setup requilred. In addition, 1t was
difficult to obtaln a system made up of only the test materlisl, and the
introduction of other materisls into the system added to the difficulty
of interpreting the experimental results.
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In reference 1, an spparatus 1is described which permits circulation
of g fluid in a cloged loop of tubing without the need of pumps, seals,
or bearings. This apparatus has been used in preliminary teste with
sodium hydroxide flowing in tubes of AISI 347 stainless steel, Inconel,
and type A nlckel and the results are reported herein. All tests were
run at a temperature of 1500° F and & fluid velocity of 15 feet per
second. A portion of the tube was cooled by an air blast so that a
circumferentlial temperature differential of approximately 20° F existed.

99¢2

It is reemphasized that these results are preliminary and of a
qualitative nature.

APPARATUS AND PROCEDURE

Circutating spparatus. - A schemstic diasgram of the circulating
epparatus is shown in figure 1. A borizontal circular plate is attached -
at its center (by means of a bearing) to the crankpin of a vertical
crankshaft. A compound psrallelogram-type restralning mechanism
attached to the edge of the plate and to the supporting structure maintains
the plate in fixed orientation with respect to the mounting structure.
Rotation of the crankshaft results in motion of the plate such that any
point on its surface describes a circle with radius equal to the crank
throw. The crankshaft is driven by a motor with a varlable-speed
transmission. As the crankshaft i1s rotated, the point on the toroid
which is farthest from the center of rotation 1s on a straight llne
passing through the centers of the crankshaft and the crank pin. When
the filled volume of the toroid is roughly between 10 and 40 percent
of capacity, a slug of fluld is formed, the center of gravity of which
will tend to approach the point of greatest radius because of centrifugal
force. This point of greatest radius makes one revolution for every
revolution of the crankshaft, and hence the fluld within the toroid
makes one circult of the toroid for every revolution of the crankshaft.

Fabrication of specimens. - Specimens of each of the container
materials were fabricated in the form of a vented toroid having the
dimensions shown in figure 2. After an appropriate cleaning procedure,
the toroids were loaded with enough sodium hydroxide pellets (of purity
shown in table I) to result in approximately 40-percent filling when
molten. For the 347 stalnless-steel specimen, closure of the torold was
accomplished by means of a compression fitting. A more setisfactory
method, used on subsequent specimens, proved to be welding as shown in
figure 2. Closures were tested for leaks by a mass-spectrometer-type
leak detector. The torolds were instrumented with thermocouples and
wrapped wlth beaded hester wires. Asbestos insulating tape covered the .
heater wires with the exception of the uninsulated sector of the toroid
shown in figure 2. In order to remove the entrapped alr and water wvapor
from the sodium hydroxide pellets, the toroids were evacuated while -
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gradually being heated to just =bove the melting point of the caustic.
Followlng this procedure, each specimen was filled with purified helium,
the vent tube was crimped shut, and the end sealed with silver solder.
The instrumented specimen was then installed in the circulating apparatus
as shown in figure 3.

Test procedure. - The mounted specimen was heated until the lowest
temperature on the outside surface of the torold was at least 650° F.
A representative temperature distribution around the toroid during this
heating period 1s shown in figure 4(a). The mounting plate speed was
then gradually increased from zero to test speed (corresponding to =
fluid veloeclty of 15 ft/sec for all tests reported herein). Electric
power to the hesters was increased until the insulsted portion of the
specimen reasched 1500° F, test temperature for these specimens. An
automatic controller meintsined the specimens at temperature. The flow
of alr through a nozzle dlrected at the uninsulated sector of the speci-
men was then started and resulted 1n & toroid wall temperature, in this
region, sbout 20° F lower than the rest of +the specimen. A typleal
temperature distribution around the toroid after reaching test conditions
is seen in Pigure 4(b). The uniform temperature level of the tube,
excluding the cooled sector, indicated that flow existed within the
toroid. Proof of the exdstence of slug flow was obtained by later
examinstion of the tube bore.

Examinetion of specimensg. - On completion of a run, the duration of
which varied from B%to 24 hours, the toroid was opened by msking one
transverse cut through the tubing. The contents were dlssolved with
distilled water and collected for anslysis. When washing a preliminsry
347 stalnliess-steel specimen, it was noted that an odorless cambustible
gas was given off. On subsequent specimens, the gas was collected for
anelysis. After the toroid was thoroughly washed, 1t was sectioned by
meking additional transverse cuts through the tubing between thermo-
couples. Visual inspection of all sections was followed by microscopic
exsmination of metallographic specimens from the hot, cooled, and welded
sections. A measure of the extent of mass transfer was obtained by
determining the ratic of the weight of a specimen from the cooled sector
to one of like external dimensions from the hot sector.

RESULTS

Chemical analyses of pertinent specimen components are presented
in t=ble TI along wlth the volume of hydrogen evolved upon water
solution of the toroid contents. Also glven 1s the welght ratio of
specimens taken from the cooled and hot sectors of the toroilds and
remarks concerning the physical condition of the specimens. In all
cases in which the composition of the solution is avallable, it is seen
that certain components of the container material were preferentizally
attacked. .
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Mecroexamination

Examination of the specimens revealed that a metalllc deposit was
formed on all cooled surfaces renging from a thin £ilm in the case of
347 stainless steel (fig. 5) to & layer of relatively large crystals on
the Inconel (fig. 6) and nickel (fig. 7). The appearance of the hot
surfaces differed according to the type of attack, those of the stainless
steel and Inconel being dull and discolored from corroeion products,
vhereas that of nickel was bright and seemed free from corrosion products.

Microscoplic Exsmination

ATIST 347 stainless steel. - The 347 steinless steel suffered Inter-
granular corrosion in both the hot and cooled areas as shown 1n figure 8.
In the regions shown in figure 8, the depth of the corrosion layer was
0.016 inch after 21 hours of running time (6.7 in./year).

Inconel. - The depth of the corrosion layer on both the hot and
cooled sections of the Inconel specimens (fig. 9) was, where measured,
0.004 inch after 24 hours of running time (1.5 in./year). The layer of
crystals deposited on the cooled portion of the Inconel was about
0.018 inch thick but varied somewhat sbout the periphery of the bore.
These as well asg the foregoing specimens were nickel plated prior to
polishing the section to preserve the corrosion layer and unfortunately
the plating is not readily distinguishable from the crystalline deposit

shown in figure 9(b).

A photomicrograph of a sectlon taken from the welded closure after a
24 hour run 1ls shown in figure 10. The weld was made by conventional
heliarc technique.

Type A nickel. - Photomlcrograephs of specimens taken from the

8% hour test of A nickel are shown in figure 11. The hot section

(fig. 11(a)) revealed a thin corrosion layer (0.000l5 in. or 0.15 in./
year). No such layer was noted on the cooled section (fig. 11(b)) but
metallic crystals had been deposited te a depth of 0.015 inch.

Metallographic examination of the 21-hour nilckel test (fig. 12)
indicated similar behavior, the corrosion layer on the hot surface
(fig. 12(a)) belng 0.00025 inch (0.10 in./year) and the crystalline
deposit on the cooled surface amounting to 0.012 inch (fig. 12(b)).

Consigtently good welds on type A nickel have not been achieved.
This has resulted in several unreported runs which were terminated
prematurely by weld failure. These fallures seem to result from porosity
in the welds as shown in figure 13 (weld made by modified heliarc
technigue). Several techniques have been tried with varying success
but as yet no completely reliable method has been found.

¥
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SUMMARY OF RESULTS

A corrosion investigation was conducted with molten sodium
hydroxide flowing at a veloecity of 15 feet per second, a temperature
of 1500° F, and & circumferential temperature graedient of 20° F in
tubes of the following container materials: ATISI 347 stainless steel,

‘ Inconel, and type A nickel. The investigation indicated that:

1. In all cases certain components of the contalner materisl were
preferentially attacked.

2. Of the three container materials tested, AISI 347 stainless
steel was attacked the deepest with intergranular penetration to an
gpparent depth of 0.016 inch after 21 hours of operation.

3. Relatively heavg deposits of crystals were built up on the
cocled sectors (about 20° F below nominsel operating temperature). of both
the Inconel and type A nickel specimens in operating periods of 24 and
21 hours, respectively.

Lewis Flight Propulsion Lsboratory,
National Advisory Committee for Aeronantics,
Cleveland, Ohio, August 15, 1951.
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TABLE I - ANALYSIS OF SODIUM HYDROXIDE PELLETS

Materisl

Percent by weight

Assay (NaOH)

Chloride (Cl)

Iron (Fe)

Other heavy metals (as Ag)
Carbonate (NasCOz)
Phosphate (POy)

Silica and NH4OH
precipitate

Total nitrogen (a8 NHz, NOp)

Sulfate (804)

97.6
0.005

.001

.52

.000

.001

99¢¢
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Bpeci- Compositior Test | Volume of hydrogen Netallic clusters Compoaition of Deposit on ight ratic Regarks
men du- |evolyed from water i ggqled seotor |/cooled secter
Alloy | Con- |Percent [ration solution of tube | aon. | Parcemt |Welght | Gon- | Percant|Weignt | Oon- [Peroent hot sector
stito- (o) cantants skito- {greme) jstito- (grame)|mtiltu-
ent (1iters) ent ent: ent
2 AISI Cr 17-19 21 5.5 Fa 77.2 ¥eo 54.6 b ] 8b [Alr blast too |Intergrammlar attack to a
7 ), 9-12 .+ 18,1-18,7 1.5 ar 58,8 1.85 yi 17 localized to depth of 0.018 inch (8.7
stain- | C 0.08 mex| . Mo 5.8- 4.0 M 5.4 " Cr 2 perwlt pigmifi- :ln./year). Metalllic film
lese Cb 10K C O 0,70+ ,75 H .0 a9 remain- |cant weight deposaited on caoled sector.
oteel LiTe a8 dsy |determinatlon
[ Ineone) | XL T6 win 24 0.4 Fone golution lost durlng .8 B8.8 1.0 Corroalon layer 0,004 inch
cr 12.15 syaparation 5.1 deap (1.5 in./yamr).
Te 9 max cr 4.0 Crystalline deposit on
a [0.5 max Op |remain- cooled sactor 0.018 inch
Mo |1.0 max der thick, i
8 D max
C 18 max
8 .02 max
7 A mickell Fi 99 min gl Gar analysis not Rona .. ga.2 n . akn), 1.06 Tent teeminated by weld
9.4 8| ou  [0.25 mx| 7 |aipnificant; Ye 5.8 fedlure. Air sppavently
+ 00} | P .5 max torold lesksd [+ 5.2 (518 leakad imto toreld. Corro-
Mn 36 max during rm Mn 2.8 ’ aion laysr 0,00016 inch des
o 6 wnx cr 1.7 (0.15 in.fyesr) on hot sue-
[H £ max Co Y fancea, Crystalline depoait
8. 02 max on cooled sector 0.005 lnch
BeOll 3.2 thick,
3] A nlckel| B 99 win | 21 |TInmufficient for Fone N 88,0 | Mckel 1.10 Corrosion layer 0.000E6 inch
(92.4 M/ Ca {0,256 mmx analywis T 5,9 desp (0.10 in./yesr).
+ Co) | e .5 max Cu 40 |, xom Cryetalline doposit on
He .38 max Mn 1.5 * ooolsd sector 0.012 inch
al «3 max Cr .3 thick.
c £ wax o 3 Y W 1
B -0 mex NalE 100.0
1

ALl toroids wers losded with 108 grams of sodimm hydredds spd & cover ge of hellm pricr to testing, Fluid velocity, 15 ft/oec; Sest tamperntura,
1500° ¥; tamperaiure difference bety=en hot and cooled sector, sbout 20° P,
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Circular mounting plate

Torelidal test specimen

Compound parallelogram

Center of crankshaft

Crankpin

/ /Pin joints
i

Counterweight
Bearing

Crank throw
- Crankshaft

Bearings

///'Variable speed transmission

Figure 1. - Schematlioc diagram of circulating apparatus.

i
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]-:-6— wall X
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Figure 2. - Diagram of toroidal specimen.
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Figure 3., - Instrumented specimen installed in circulating apparatus,
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Thermocouple position (see fig. 2).

(b) Tost pericd.

Figure 4. - Representative tempersture distribution around torold ag measured by l6-point recording

potentiometer.
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(a) Bot sectlom, (b) Cocled mectian. {¢) Closurs,

Figure 5, - Conditian of ATAL 347 stainless steel (specimen 2} after 21 bours exposurs to molten sollum hydroxids flowing at

velocity of 15 faet per sec

cnd, temperature of 1500° F, and circumferential temperature gredisnt of 20° F,
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(b} Cooled secticn, (¢c) Welded cloaurs.

(a) Hot ssction.

at volocity of 15

¥, and olroumferentis]l temperature gradient of 20 F.

E,"

feot per second, temperature of

Tigure 8. ~ Cenditlon of Inoomsl (apecimern 4) after 24 hours exposure to molten sodium hylroride f
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Surface exposed to
sodlum hydroxide

Protective I
nickel plate —mi [« Corroslion layer -l -t
Parent metal —/
(2) Speclimen from hot section,
."- - ;..‘
- .‘
® 2a
L .
Surface exposed to PR
sodium hydrcxide M
5%
..
.0
e
- r
-
hd -
h N
Protective J l
nickel plate = Corrosion layer >t

“~_NACA g Parent met=al —/

C- 28531
(b) Specimen from cocled section.

Figure 8. - Photomicrographs of ATSI 347 stainless steel (specimen 2); X250; etchant,
10 percent oxallc acid elsctrolytic.
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Protectlive .
nickel plate Crystalline deposit
~Ff/3:€3;—_ - : R vorrosion layer
C.- 28532 e

Parent metal
(b) Specimen from cooled section.

Figure 9. - Photomicrographs of Inconel (specimen 4); X250; etchant, 5 percent oxalic acid
electrolytic.
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Welded collar - .75 .,

~ L |

? ] ~. 23854

Figure 10. - Photomicrograph of section from welded closure of Inconel (specimen 4);
X250; etchant, S5 percent oxmllc acid electrolytioc. Orientetlion of photomicrograph
indicated by circle In sketch.
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Surtace expomged to
aodium hydroxide

l«————— Parent metal————l-’

(2) Specimen from hot section; X1500. - Surface oxposud to

Jerroalon layer

L o A ‘&”

. Paranb
Crystallline deposit ———.—‘4— metal

(b) Speoimen fram cooled section; X250.

Figure 11, -~ Photomicrographs of type A nickel (qpecimen 7}; etchent, nome.



NACA RM ESLJ16

Sarfugde sXposed to
384> aAydroxide
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{2} Bresimezn Frox hot 3ectlon; X1000.
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3ouius hydroxide
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Cryatzlline deposit —44—-Parent metal —-»-I

TINACA
<-28%34

(b) Specimen from cooled seotlon; X250.

Figure 12. - Fhotomlcrographs of type A nickel (epecimen 8); etchant, none,
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} z C.28557

.Figure 13. - Photamicrograph of welded section, type A nickel (specimen 7); X250;
etchant, none, Orientation of photomicrograph indicated by circle in skstch.

NACA - Langtey Fleid, Va.
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